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Abstract 

Background: The prevalence of obesity in U.S. has been rising at an alarming rate, particularly among Hispanic, 
African, and Asian minority groups. This trend is due in part to excessive calorie consumption and sedentary 
lifestyle. We sought to investigate whether parental origins influence eating behaviors in healthy urban middle 
school students. 

Methods: A multiethnic/racial population of students (N = 182) enrolled in the ROAD (Reduce Obesity and 
Diabetes) Study, a school-based trial to assess clinical, behavioral, and biochemical risk factors for adiposity and its 
co-morbidities completed questionnaires regarding parental origins, length of US residency, and food behaviors 
and preferences. The primary behavioral questionnaire outcome variables were nutrition knowledge, attitude, 
intention and behavior, which were then related to anthropometric measures of waist circumference, BMI z-scores, 
and percent body fat. Two-way analysis of variance was used to evaluate the joint effects of number of parents 
born in the U.S. and ethnicity on food preference and knowledge score. The Tukey-Kramer method was used to 
compute pairwise comparisons to determine where differences lie. Analysis of covariance (ANCOVA) was used to 
analyze the joint effects of number of parents born in the US and student ethnicity, along with the interaction 
term, on each adiposity measure outcome. Pearson correlation coefficients were used to examine the relationships 
between maternal and paternal length of residency in the US with measures of adiposity, food preference and food 
knowledge. 

Results: African Americans had significantly higher BMI, waist circumference and body fat percentage compared to 
other racial and ethnic groups. Neither ethnicity/race nor parental origins had an impact on nutrition behavior. 
Mothers' length of US residency positively correlated with students' nutrition knowledge, but not food attitude, 
intention or behavior. 

Conclusions: Adiposity measures in children differ according to ethnicity and race. In contrast, food behaviors in 
this middle school sample were not influenced by parental origins. Longer maternal US residency benefited 
offspring in terms of nutrition knowledge only. We suggest that interventions to prevent obesity begin in early 
childhood. 
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Background 

The increasing prevalence of obesity in the U.S. and else- 
where has led to a sharp rise in the rate of diagnosis of type 
2 diabetes in adolescents over the last 20 years according to 
the NHANES [1]. This is likely due to multiple factors such 
as poor diet and/or more sedentary lifestyle. The increase 
in obesity has been most prominently observed in minority 
groups such as Native-, Asian-, African-, and Hispanic- 
Americans [2]. This might be attributable to greater poverty 
among these groups and genetic/ethnic predisposition 
[3]. Additional factors include westernization of diet to 
calorie-dense/low-fiber foods seen with migration, as 
well as adoption of sedentary lifestyles [4]. 

There has been an increasing call for prevention in 
preference to treatment interventions [5]. Once obesity 
is established, it is difficult to reverse through interventions 
[6] and it often persists through adulthood, especially 
if present in peripubertal period or later [7], strengthening 
the case for early primary prevention. Schools provide 
a captive audience for such initiatives [8]. Some school- 
based research studies have focused on interventions in 
overweight children, primarily through the use of spe- 
cialized health facilities and after school tutorials [9,10], 
while others have targeted the whole school population 
(reviewed in [11]). 

Previous studies of Mexican- American adults suggest 
that diet quality decreases with duration of residence in 
the United States. Specifically, consumption of fiber, fruit, 
and vegetables decreases with duration of residence in the 
United States, whereas consumption of processed foods, 
refined carbohydrates, and sugars increases [12]. In light of 
the above we sought to investigate the influence of parental 
origins on eating behaviors in a multi-ethnic/racial popula- 
tion of urban middle school students. 

Subjects and methods 

The ROAD (Reduce Obesity and Diabetes) Study, a 5-year 
randomized study, was conducted by a research consortium 
(Columbia University Medical Center, Maimonides Infants 
and Children's Hospital, Mt. Sinai School of Medicine, 
Cohen Children's Medical Center of New York, and 
Winthrop University Hospital) that was coordinated 
through AMDeC (Academy for Medical Development 
and Collaboration, New York, NY, USA). The ROAD 
Study examined the prevalence of pre-diabetic phenotypes 
and the effects of supervised exercise/nutrition education 
on clinical (adiposity), biochemical (inflammation, lipids, 
glucose homeostasis) and behavioral risk factors for type 
2 DM in a multi-ethnic/racial population of 6th-8th 
grade students before and after participating in a 
14 week school-based health, nutrition, and exercise 
intervention [13]. Detailed methods for this study have 
been described elsewhere [8]. The primary objective of 
our sub-study was to determine how parents' country 



of origin, length of residency in the USA, and ethni- 
city/race affect measures of adiposity and nutrition at 
baseline. The questionnaires were administered in the 
first year of student participation in the study, without 
the benefit of an intervention aimed at improving stu- 
dents' nutrition and fitness. Because recruitment was not 
synchronous across all sites, not all subjects were queried 
about parental origins and length of US residency. The 
school where most of subjects were recruited was located 
in Queens, in a heavily Asian area. The primary outcome 
variables were nutrition knowledge, attitude, intention and 
behavior, as well as measures of adiposity, specifically, 
waist circumference z-scores, BMI z-scores, and percent 
body fat. BMI and waist circumferences were collected 
at the initial study visit, Z-scores were calculated for 
BMI using Epi Info (TM) [14], and waist circumference 
according to Fernandez et.al [15]. 

Data on parental origin and length of residency in the 
United States were collected as part of the intake infor- 
mation for each student at their start date in the study. 
Student nutrition knowledge and dietary behaviors were 
assessed using modified Hearts N'Parks subscales. Hearts 
N'Parks is a national, community-based program supported 
by the National Heart, Lung, and Blood Institute (NHLBI) 
of the National Institutes of Health and the National 
Recreation and Park Association (NRPA) [16]. It assesses 
the student on varied aspects of nutrition, including 
knowledge (with a maximum score 12 points), behavior 
(40 points), intention (8 points), and attitudes (7 points). 
There were a total of 794 middle school-age subjects 
studied at baseline in the 5 middle schools. Data regarding 
country of origin data were limited, as this information 
was not collected from the start in every school. Therefore, 
599 subjects had missing country of origin data for one or 
both parents. Thirteen additional students were missing 
ethnicity. Therefore, the final sample size in this sub-study 
was 182 subjects. 

The average age was 12.4 years ± 1.0 and more than half 
of the students were female (60.4%). A plurality of students 
were of East Asian origin (31.3%). The remaining 68.7% 
included African American students (14.8%), Caucasians 
(13.2%), Hispanic (19.2%), South Asian (18.1%) and a small 
percentage of students identified as "Other" (3.3%). 

There were 123 (67.6%) subjects with neither parent 
born in the US, 17 (9.3%) subjects with one parent born 
in the US and 42 (23.1%) subjects with both parents born 
in the US. 

Two-way analysis of variance (ANOVA) with an inter- 
action term was used to analyze the joint effects of number 
of parents born in the US and student ethnicity on each 
food preference and knowledge score outcome. If the inter- 
action term was non-significant it was removed from the 
model. The Tukey-Kramer method was used to compute 
pairwise comparisons to determine where differences lie. 
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Additionally, analysis of covariance (ANCOVA) was used 
to analyze the joint effects of number of parents born in 
the US and student ethnicity, along with the interaction 
term, on each adiposity measure outcome. If the interaction 
term was non-significant it was removed from the model 
Although not of direct interest, age and gender were 
considered to be potential confounders of adiposity 
measures and were therefore included as covariates. The 
Tukey-Kramer method was used to compute pairwise 
comparisons to determine where differences lie. 

Pearson correlation coefficients were used to examine 
the relationships between maternal and paternal length 
of residency in the US with measures of adiposity, food 
preference and food knowledge. 

All statistical analysis was conducted in SAS version 
9.3 (SAS Institute, Cary, NC). 

Results 

Waist Z-score 

African American students had significantly higher 
waist z-scores (Table 1) as compared to Caucasian stu- 
dents (P < 0.007), East Asian students (P < 0.0001), and 
South Asian students (P < 0.001). Hispanic students 
had significantly higher waist z-scores as compared to 
East Asian students (P < 0.0001) and South Asian stu- 
dents (P < 0.01). There was no significant association 
between number of parents born in the US and waist 
z-score (P < 0.90). The interaction term between number 
of parents born in the US and ethnicity was not significant 
and removed from the final model. 

BMI Z-score 

The main effect of ethnicity was a significant association 
with BMI z-score (Table 1, P < 0.009). Specifically, African 
American students had significantly higher BMI z-scores 
as compared to East Asian students (P < 0.007) and South 



Asian students (P < 0.03). There were no other significant 
associations. 

There was no significant association between number 
of parents born in the US and BMI z-score (P < 0.5). The 
interaction term between number of parents born in the 
US and ethnicity was not significant and removed from 
the final model. 

Percent body fat 

The main effect of ethnicity was significantly associated 
with percent body fat (Table 1, P < 0.001). Specifically, 
African American students had significantly higher percent 
body fat as compared to East Asian students (P <0.03). 
However, this was not related to the number of parents 
born in the US (P < 0.5). 

Nutrition knowledge 

There were no significant associations between nutrition 
knowledge and number of parents born in the US (P < 0.2) 
or ethnicity/race (P < 0.5) (Table 1). 

Healthy eating attitude 

There were no significant associations between healthy 
eating attitude and number of parents born in the US 
(P < 0.4) and ethnicity/race (P < 0.5) (Table 1). 

Healthy eating behavior 

There were no significant associations between self- 
report of healthy eating behavior and number of parents 
born in the US (P < 0.3) and ethnicity/race (P < 0.4) 
(Table 1). 

Healthy eating intentions 

There were no significant associations between healthy 
eating intentions and number of parents born in the US 
(P < 0.5) or ethnicity/race (P < 0.7) (Table 1). 



Table 1 Middle school subjects' measures of body fat versus number of parents born in the United States and 
ethnicity/race 



Variable ^adjusted mean (SEM) 



Waist circumference Z-score 



BMI Z-score 



Body fat percentage 



# of parents born in US 

None 
One 
Both 
Ethnicity/race 

African - American 

Caucasian 

East Asian 

Hispanic 

South Asian 

Other 

*Adjusted for age and gender. 



0.66 (0.16) 
0.52 (0.33) 
0.54 (0.26) 

1 .70 (0.27) 
0.36 (0.30) 
-0.09 (0.25) 
1.31 (0.23) 
0.18 (0.28) 
-0.04 (0.54) 



0.74 (0.12) 
0.94 (0.25) 
0.57 (0.20) 

1.31 (0.21) 
0.89 (0.23) 
0.35 (0.19) 
0.99 (0.18) 
0.42 (0.22) 
0.54 (0.42) 



28.76 (0.84) 
28.79 (1.67) 
26.87 (1.33) 

32.46 (1.39) 
27.15 (1.55) 
25.58 (1.26) 
28.87 (1.23) 
27.68 (1.44) 
27.11 (2.79) 
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Length of residency 

There was a significant positive correlation between the 
mother s length of US residency and nutrition knowledge 
(Table 2, p < 0.01). There was also a significant negative 
correlation between mother s length of residency and 
healthy eating attitude (p < 0.02). 

Discussion 

The primary objective of this substudy was to determine 
if there were significant correlations of parental origins 
and ethnicity/race with children's adiposity measures 
(such as BMI, waist circumference, and body fat) as well 
as nutrition knowledge and food-related behaviors. With 
respect to adiposity measures, the African American group 
in our population had a higher BMI, waist circumference 
and body fat percentage, which is similar to recently pub- 
lished findings in our larger data set [17]. Neither ethnicity/ 
race nor parental origins had an impact on nutrition 
behavior. Nutrition knowledge, but not attitude, improved 
with mothers' length of residency. The positive association 
between maternal length of residency and nutrition know- 
ledge is likely due to media exposure, friends and family, 
as well as health providers [18]. In many families, mothers 
are the primary food preparers in the household [19]. 
A study by Variyam et al reported a significant positive 
relationship between mothers' nutrition knowledge and 
children's diets; however, this influence decreases as 
children grow older [20]. The disparity between nutrition 
knowledge and attitudes among middle school students as 
related to length of mothers' US residency highlights the 
effect of rapid acculturation. Our data seem to agree with 
those from the National Longitudinal Study of Adolescent 
Health demonstrating rapid acculturation of overweight- 
related behaviors, including diet and inactivity among 
immigrant Hispanic adolescents [21]. 

As noted above, our study shows that African American 
adolescents, especially females, had significantly higher 
waist Z-scores, BMI Z-scores, and body fat percentage in 

Table 2 Relationships between length of parental US 
residency versus middle school subjects' anthropometric 
measures of body fat, nutrition knowledge, attitudes and 
behaviors and intentions 





Mother's length of 
residency p (P <) 


Father's length of 
residency p (P <) 


Waist z-score 


-0.038 (P < 0.8) 


0.050 (P < 0.7) 


BMI z-score 


0.004 (P < 1 .0) 


0.104 (P<0.4) 


Percent body fat 


-0.087 (P < 0.5) 


-0.157 (P<0.2) 


Nutrition knowledge 


0.308 (P<0.01) 


0.164 (P<0.2) 


Healthy eating attitude 


-0.274 (P < 0.02) 


-0.202 (P < 0.09) 


Healthy eating behavior 


-0.015 (P<0.90) 


0.023 (P < 0.9) 


Healthy eating intention 


-0.075 (P < 0.6) 


-0.016 (P<0.9) 



comparison with other racial and ethnic populations. These 
results confirm previous studies that show disparities 
between ethnic groups with adiposity measures [22,23]. 
In addition, parental origins and length of residency did not 
have a significant influence on our adolescents' nutrition 
behavior. Again this may be due to acculturation in early 
childhood. It has been shown that recent immigration to 
the United States results in rapid loss of the dietary pattern 
from parental country of origin [24]. It is also known that 
younger immigrants tend to change their diets to assimilate 
to their host country more readily than older ones [25]. As 
a result, there is a higher risk for obesity associated with 
length of residence in the United States due to adoption of 
suboptimal dietary behaviors and sedentary lifestyles, as 
seen in studies with the Hispanic population [26]. 

The limitations of our study include the lack of informa- 
tion on parental adiposity measures, as well as socioeco- 
nomic status. Parental BMI has been shown to affect their 
offsprings dietary behavior as well as weight status [27]. 
Rates of obesity in most areas of the United States follow 
a socioeconomic gradient, such that the burden of disease 
falls disproportionately on people with limited resources, 
racial-ethnic minorities, and the poor [28]. 

Childhood obesity may increase adult morbidity and 
mortality independent of adult BMI and other confounding 
factors such as family history of cardiovascular diseases, 
cancer and smoking [29]. Therefore, it is imperative to 
strive for the prevention of childhood obesity, rather 
than treat it after it is established or chronic. School- 
based programs, such as the ROAD Study, represent an 
appropriate setting for obesity intervention because 
they offer continuous and intensive contact with chil- 
dren. School infrastructure and physical environment, 
policies, curricula, and staff all have the potential to 
positively influence knowledge and lifestyle [30]. Such 
programs have potential for long-lasting impact if de- 
livered prior to the onset of obesity and its complica- 
tions. The significance of our findings is that there is 
rapid acculturation to western diet among adolescents, 
regardless of parental origins. Our finding that the 
mothers length of residency in the USA affects the 
nutritional knowledge and attitudes of adolescents 
could influence the way in which we approach teaching 
young students about nutrition. 

Conclusions 

Our main findings are that direct and surrogate physical 
measurements of adiposity in children differ according 
to ethnicity and race. In contrast, food behaviors in this 
cross-sectional middle school sample were not influenced 
by parental origins. Longer maternal US residency bene- 
fited offspring in terms of nutrition knowledge only. We 
suggest that interventions to prevent obesity begin in 
early childhood. 
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